Background There is ample evidence that gender norms affect contraceptive practice; however, data are mostly qualitative with limited geographical scope. We investigated that association quantitatively using collective community-level attitudes towards premarital sex and wife-beating as proxies for gender norms. Surveys (2005Surveys ( -2009) for women of reproductive age (15-49 years) in nine sub-Saharan African countries. Using multilevel logistic models, controlling for individual covariates and community-level indicators of women' s empowerment, we assessed the community-level association of gender norms regarding premarital sex and wife-beating with individual contraception uptake and demand satisfied among fecund sexually active women. Norms were approximated as 'collective attitudinal norms' from female/male residents (aged 15-49 years) from the same community. We assessed the magnitude and significance of the community-level effects and attributed variance across communities. The same analysis was replicated for each country.
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With a delayed fertility transition -where the total fertility rate remains high and declines slowly [1, 2] the population in sub-Saharan Africa (SSA) is growing at a faster rate than in other developing regions [3] . These fertility and population trends pose important challenges for development in the world' s poorest region [4] . Voluntary family planning programmes have been regarded as the preferred policy response to curb rapid population growth and are aimed for women and men to take control, free from coercion, of their reproductive health to avoid unintended pregnancies [5] . Further, the right of women and girls to choose whether, when and how many children to have has been recognised in international agreements and the Global Agenda for Sustainable Development [6] [7] [8] .
Although important gains have been achieved in reducing unmet need for family planning, increasing contraceptive prevalence, and preventing unintended pregnancies [7, [9] [10] [11] [12] , those gains have been slow [13, 14] , and important obstacles persist in SSA. Recent studies indicate that low socioeconomic status; financial barriers; limitations in access to information, services and supplies; and cultural norms and societal pressure on women to bear children, represent the major barriers for family planning and contraceptive uptake within the region [15] . The most common cultural norms and social obstacles cited in the literature include: misinformation regarding the use and effectiveness of contraception, fear of side effects, infrequent sex and perceptions that contraception is not needed, traditional views of women' s main role as bearers of children, parents avoiding conversations about reproductive health matters with their children, prohibition of contraceptive usage by partners or family members, fear of verbal/physical violence, and the desire for large families [16] [17] [18] [19] [20] [21] [22] . In addition, despite evidence (mostly qualitative) that norms affect family planning and contraceptive use [23] [24] [25] [26] , their examination in global data sets is challenging, as little data specifically on norms are available, with most advanced studies resorting to using proxies [27] . We have recently advanced the quantitative analysis of associations between gender norm proxies and health, constructing reference groups and deriving insights into potential influences of the normative environment on health-related behaviours [27] .
This study rests on recent theoretical frameworks of normative influence [28, 29] to investigate the extent to which reproductive behavior can be shaped by social relations and contextual factors. The theory suggests that social norms -beliefs about what other people from a given group or society do and approve of -affect individuals' behaviors. Here we are particularly interested in the role of gender-related norms. Gender norms are social norms defining acceptable and appropriate actions for women and men in a given group or society. They are embedded in formal and informal institutions, nested in the mind, and produced and reproduced through social interaction. They play a role in shaping women and men' s (often unequal) access to resources and freedoms, thus affecting their voice, power, and sense of self. We use the theory of normative spectrum (TNS) as an interpretive framework. The TNS suggests that a norm has a stronger influence on practice the more the practice is: 1) interdependent (vs independent), 2) detectable (vs private), 3) followed by strong (vs weak) rewards or punishments (sanctions), and 4) closely related to the norm (as opposed to distant from it). In our study, we were interested in understanding how gender norms, as reflected by two relatively undetectable practices: premarital sex and domestic violence against women, affected contraceptive use practice. We approximated these two different gender norms exposures as "collective attitudinal norms" [30] [31] [32] using summations of individual attitudes of female/ male residents (aged 15-49 years) in the same community towards premarital sex and wife-beating. In the case of attitudes towards premarital sex, the measurement was based on individual attitudes of female or male peers (aged 15-24 years) or adults (aged 25-49 years) separately, following previous evidence from independent studies assessing the effect of peers or adults (parents, mothers, tutors) on adolescent decision making and family planning [33] [34] [35] . We hypothesised that women who engage in premarital sex or who don't accept domestic violence, and are living in communities where gender norms are the reverse (against premarital sex or accepting of wife-beating), would be more reluctant to talk to others (peers, adults) about family planning matters or to use reproductive health services [27, 33, 34] . Our community-level variables, permissive attitudes towards premarital sex and acceptance of wife-beating, were considered as proxies for gender norms because they may reflect women' s lower sense of entitlement and self-esteem and their lack of control of their own reproductive behavior [36] [37] [38] . We acknowledge that the aggregation of individual attitudes is not equivalent to gender norms, but it provides valuable information about the general beliefs of the community.
With data from Demographic and Health Surveys (DHS), we defined individual permissive attitudes towards premarital sex by reverse-coding the question 'should young women wait for sex until marriage?'. We approximated collective permissive attitudes towards acceptance of premarital sex from aggregated attitudes of adolescent peers (aged 15-24 years) or adults (aged 25-49 years) at the community level. Sim-VIEWPOINTS RESEARCH THEME 3:
GENDER NORMS AND HEALTH ilarly, we used aggregated individual attitudes justifying wife-beating if a woman refuses to have sex with her husband to approximate collective attitudes towards wife-beating for women aged 15-49 years from the same community. We then explored the community-level association of collective attitudes towards premarital sex and wife-beating with the uptake and demand satisfied for contraception among women of reproductive age (aged 15-49 years). This study aimed to offer insights into understanding the role of gender norms, or the social norms regulating acceptable actions for men and women [39] , as important barriers to contraceptive uptake in low-resource settings and to inform the design of effective interventions that target individuals as well as their groups of influence.
METHODS

Study design and participants
Data for this study came from DHS surveys from nine SSA countries (Benin, Congo, Mali, Namibia, Niger, Nigeria, Sao Tome and Principe, Swaziland, and Zambia) with information on attitudes towards sex before marriage for men and women from 2005 to 2009. DHS surveys are based on a stratified two-stage clustered survey design. Strata are defined by rural and urban areas and administrative units (provinces or states). In the first stage, primary sampling units (PSUs) are selected in each stratum with probability proportional to a measure of size from a sampling frame defined by a list of geographic units that covered the entire country. In selected PSUs or clusters, trained field staff conduct a listing of households that serve as a sampling frame for the second stage selection. A sample of households are then selected systematically from that listing to identify eligible women of reproductive age (aged , and face-toface interviews are conducted with eligible women after full consent is granted. Data collected from these interviews include indicators of family planning and fertility practices/preferences, among other maternal and child health indicators [40] .
The original sample for this study was comprised of 106 588 women of reproductive age (15-49 years) that was used for descriptive analysis. Analysis of contraception use was conducted on a reduced sample of 73 090 women, after the exclusion of 10 757 (10.1%) infecund or menopausal women, 22 220 (20.8%) women not sexually active, and 521 (0.5%) women with missing information on fertility preferences. A further exclusion of 31 465 (29.5%) women with no reported unmet need for contraception resulted in a sample of 41 625 (39.1%) fecund women for the analysis of demand satisfied for contraception ( Table  1 and Figure 1 ).
Variables
Outcome: contraceptive use and demand satisfied
The main outcomes for this study were the use of, and demand satisfied for, contraception. Assessment of contraceptive use was conducted using individual responses from a sample of 73 090 sexually-active fecund women of reproductive age (15-49 years) that included women with no unmet need -defined as not using contraception and not desiring to space or limit new pregnancies -and with demand for family planning, defined as the sum of contraceptive use and unmet need for family planning. Assessment of demand satisfied for contraception was conducted using a restricted sample of 41 625 women with demand for family planning (see Figure 1 ). Our estimates for contraceptive use/demand satisfied relied on DHS information regarding the current use of contraceptive methods. For women not using contraception, we applied a standard definition of unmet need, a simplified way to obtain consistent estimates over time and across countries/surveys [41] . This standard definition was based on survey information of current fertility and fertility preferences, including pregnancy or postpartum amenorrhoeic status, desire to limit childbearing, ideal number of children, and spacing (see Appendix S1 and Figure S1 in the Online Supplementary Document for a glossary of terms used in its definition and a detailed description of unmet need estimation, respectively). This definition also allowed us to include sexually active unmarried women, who have been traditionally excluded from estimates and analyses of unmet need [41] .
Exposure: community-level proxies for gender norms
The DHS surveys included questions about attitudes towards sex before marriage asked of male and female respondents (aged 15-49 years) in the nine countries in our sample. We reverse-coded data on whether male or female respondents think 'young women should wait for sex until marriage' to oper-VIEWPOINTS RESEARCH THEME 3: SD -standard deviation VIEWPOINTS RESEARCH THEME 3: GENDER NORMS AND HEALTH ationalise permissive attitudes at the individual level, classifying respondents as permissive if they believed that there is 'no need for young women to wait for sex until marriage'. At the community level, collective permissive attitudes among male or female peers (aged 15-24 years) or adults (aged 25-49 years) were approximated as the percentage of peers or adults living in the same community who believed that young women do not need to wait for sex until marriage. Similarly, individual attitudes towards violence were based on respondents' justification of violence when a wife refuses to have sex with her husband; the question was asked of women and men, but we only used women' s responses [30] . Collective accepting attitudes towards wife-beating were approximated at the community level as the percentage of females aged 15-49 years living in the same community who admitted that wife beating is justifiable when she refuses to have sex with her husband. An additional four items available in DHS that justify wife-beating (going out without telling her husband; arguing with her husband; neglecting the children; and burning the food) were also tested but excluded from the final analysis because they were highly correlated and produced contradicting associations. We included both individual-and community-level attitudes in our models to control for compositional effects and the proper assessment of community-level effects of attitudinal norms towards premarital sex and wife-beating.
GENDER NORMS AND HEALTH
In this analysis, communities were defined as the area-based PSUs or clusters as reported in the DHS survey for each country in our sample [40] . The design of PSUs facilitate comparative analysis within and across countries because they were roughly equal in population and in many instances they corresponded to villages or clusters of nearby villages [42, 43] .
Covariates
In our statistical analysis, we controlled for individual background characteristics and sociodemographic status of our study population, including age, marital status, level of education, work status, parity, type VIEWPOINTS RESEARCH THEME 3:
GENDER NORMS AND HEALTH of residency, and wealth status. Age was recorded in single years (ages 15-49); marital status was categorised in three groups: formerly married, never married, and currently married; education was categorised as primary, secondary, or higher; work was coded as 1 if the respondent was currently working and 0 otherwise; parity was defined as the number of live children ever born to each women and categorised in 4 groups (1, 2, 3, 4 or more); and residency was split in rural and urban. Wealth was specified in quintiles, available in DHS surveys at the household level and constructed from a wealth index that reflects differences in the ownership of household assets [44] . In models with pooled data, we additionally controlled for country fixed-effects. Knowledge of contraceptive methods was included in the descriptive analysis, but not as a covariate for the inference analysis because of the very high prevalence observed in most countries (Figure 2) . In augmented models, we further controlled for three community-level factors that reflect gender empowerment as shown in previous studies [30] : women' s educational achievement, early marriage, and job status. Educational achievement was defined as the proportion of women aged 15-49 years who completed secondary or higher education; early marriage represents the proportion of women aged 20-24 years who were married before age 18; and employment was defined as the percentage of women aged 15-49 years in the community who were currently employed at the time of the survey [30] .
Statistical analysis
Descriptive analysis
Simple and cross tabulations and weighted proportions were estimated to assess the distribution of women' s characteristics according to their age, fertility and family planning preferences. We estimated the prevalence of contraception use and demand satisfied by country.
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Inferential analysis
We fitted age-stratified logistic two-level multilevel (ML) random intercept models for binary outcomes, controlling for individual-level sociodemographic factors and community-level factors reflecting women' s empowerment, to test the association of individual use of, and demand satisfied for, contraception with permissive attitudes towards premarital sex and accepting attitudes of wife-beating at the community level. We only considered attitudes of women as exposure in the case of wife-beating, but for premarital sex we additionally considered group-level attitudes of both women or men (in the groupings of peers and adults) as exposures at the community level. We conducted separate analyses for each outcome, denoting as Model A the analysis for use of contraception, and Model B for demand satisfied with any contraceptive method, as illustrated in Figure 1 .
Model A: Use of contraception
We split the pooled sample of 73 090 sexually-active fecund women into two groups of 24 404 adolescents (aged 15-24 years) and 48 This procedure was conducted to assess the separate effects and the community-level variation attributed to each subset of individual and community-level predictors and covariates. A similar approach was followed with the subsample of adult women, as we illustrate in Figure 1 , which also reports the sample sizes in the age-stratified pooled models.
Model B: Demand satisfied with any contraceptive method
The analysis of demand satisfied was conducted using the reduced sample of 41 625 women with any demand for contraception. We also split the sample into two groups of 13 540 adolescents (aged 15-24 years) and 28 085 adults (aged to conduct separate multilevel analyses in each group. We tested the same set of model specifications as for Model A (M0-M6, FA1, and FA2), as shown in Figure 1 .
Country-specific analysis and effect modification
All sets of (type A and B) models were fitted separately for each country, and we performed the Mantel-Haenszel (MH) homogeneity test to assess whether the exposure effect was the same across countries in our pooled model specification [45] . The MH statistic was estimated separately for each exposure variable of attitudes towards premarital sex and wife-beating.
Assessment of community-level effects
Models A and B examined the specific community-level (effect-size) associations between contraceptive use and demand satisfied, and collective attitudinal norms, in pooled samples and across countries. To further determine the relative significance of those associations, we assessed the general community-level effects that we measured using the intra-class correlation (ICC) [46] , defined as the proportion of the residual variance of the outcome (use or demand satisfied for contraception) attributed to the community level (V 2 ), ie, the ratio of between-community variance to the total. Furthermore, we measured the percentage of community-level attributed variance explained (VE) by subsets of individual or community-level exposures [42, 43] , as defined above in our 9 separate model specifications (M0-M6, FA1, or FA2), relative to unadjusted models with no covariates or risk factors (M0) (see Appendix S2 in the Online Supplementary Document for details about this methodology).
Multilevel models are suitable for the efficient estimation of random effects at different levels of aggregation [47] , but in models with binary outcomes, random effects at the individual level are not measured directly but we estimated them using a latent variable formulation [48] VIEWPOINTS RESEARCH THEME 3:
GENDER NORMS AND HEALTH munity-level exposures and covariates were standardised to have mean 0 and standard deviation (SD) 1 within each country. For the estimation of means and/or proportions, we accounted for the complex study design of DHS surveys, which includes unequal probabilities of selection, cluster sampling, and stratification of the target population [49] . 
RESULTS
Descriptive analysis
The total demand for family planning among all women aged 15-49 years varied significantly across countries, from 24% in Niger to 59% in Congo, Namibia, and Sao Tome and Principe (STP). Congo and Namibia were also the countries with the highest contraceptive prevalence (44% and 47%, respectively), while Mali and STP were the countries with the highest percentage of women with unmet need (24% and 28%, respectively). Four countries showed high percentages (>30%) of women with no unmet need, ranging from 32% in Benin to 50% in Niger (Figure 2) . We found an inverse association between unmet need and the degree of contraception knowledge (Spearman Correlation (Sr) = -0.29, P < 0.001), a potential predictor of high unmet need, in some countries; Mali, Niger and Nigeria reported the highest prevalence of unmet need and the lowest prevalence of contraception knowledge (Figure 2) .
In the pooled sample, younger women' s attitudes towards premarital sex were slightly more permissive than those of older women. The percentage of young women aged 15-24 years with permissive attitudes for premarital sex was 12.0%, in comparison with 9.7% among adult women aged 25-49 years. Compared to women' s, men' s attitudes were more permissive, although with a similar gap between both age groups (with respective percentages of 19.0% and 16.7% for young and adult men). A similar pattern was observed across countries, but with marked heterogeneities; the percentage of young women with permissive attitudes varied from 1.3% in Niger to 44.3% in Congo. In general, we observed a right-skewed distribution of permissive attitudes (eg, as reflected by mean percentage of female peers' group-attitudes = 12.2% and SD = 17.3, Table 1 ), with proportions around or below 10% in most countries (Benin, Mali, Niger, Nigeria, Swaziland, and Zambia); this is reflected in the distribution of this exposure at the community level ( Table 1) . Among women aged 15-49 years, the proportion of women with accepting attitudes towards wife-beating was 30.9% in the pooled sample, and it also varied substantially across countries, from 3.4% in Swaziland to 58.8% in Niger ( Table 1) .
Model A: Contraceptive use
In pooled samples of fecund 24 404 adolescent women (aged 15-24 years), the odds of contraceptive use increased by 22% with a 1 SD increase in the variation of collective attitudes towards premarital sex among female peers (odds ratio (OR) = 1.22, 95% CI = 1.15-1.30) and increased 12% with a 1 SD increase in the variation of collective attitudes towards premarital sex among male peers (OR = 1.12, 1.06-1.19) (M1, Table 2 ).
The effects of collective adolescent peers' attitudes (female: OR = 1.08, 95% CI = 1.02-1.14; male: OR = 1.10, 95% CI = 1.04-1.16) and acceptance of wife-beating (OR = 0.89, 95% CI = 0.84-0.95) were attenuated after further controlling for collective and individual indicators of women' s empowerment. Among these VIEWPOINTS RESEARCH THEME 3: GENDER NORMS AND HEALTH M1-M6 -models 1 to 6, FA1 -fully-adjusted Model 1, FA2 -fully-adjusted model 2, OR -odds ratio, SD -standard deviation, CI -confidence interval. *For adolescent women, models are presented adjusting for peers' collective attitudes (FA1 model) and adults' collective attitudes (FA2 model). We additionally controlled for country fixed-effects in all models. †Educational achievement was defined as the proportion of women aged 15-49 years who completed secondary or higher education; early marriage represents the proportion of women aged 20-24 years who were married before age 18; and employment was defined as the percentage of women aged 15-49 years in the community who were currently employed at the time of the survey.
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GENDER NORMS AND HEALTH indicators, the odds of contraception only increased with a higher variation of collective women' s educational achievement (OR = 1.46, 95% CI = 1.37-1.57). At the individual level, the odds of contraception increased with educational level [eg, women with secondary education relative to those who were uneducated (OR = 3.07, 95% CI = 2.61-3.63)], for women never in union (OR = 4.32, 95% CI = 3.81-4.90) relative to married women, and for currently working women (OR = 1.25, 1.12-1.40) (M6).
Finally, in fully-adjusted models that further controlled for individual level covariates (FA1), the effect of collective attitudes of adolescent peers (female: OR = 1.08, 95% CI = 1.02-1.15; male: 1.11, 95% CI = 1.05-1.17) and acceptance of wife-beating (OR = 0.90, 95% CI = 0.85-0.96) remained unchanged. The odds of contraceptive use increased with age (OR = 1.07, 1.05-1.10), after the first birth (eg, women with 3 children ever born alive (OR = 1.64, 95% CI = 1.31-2.05) in comparison with women with no births) and with wealth status, eg, women in quintile 5 relative to women in quintile 1 (OR = 1.47, 95% CI = 1.18-1.83) (FA1, Table 2 ). In a separate fully adjusted model (FA2), contraceptive use was also associated with a higher variation of collective attitudinal norms towards premarital sex of adult women (OR = 1.07, 95% CI-1.01-1.12) and men (OR = 1.06, 95% CI = 1.01-1.11) aged 25-49 years.
In another separate fully-adjusted model (FA2) for adult women (aged 25-49 years) outcomes (N = 40 834), we found statistically significant effects in the variation of collective attitudinal norms of female (OR = 1.04, 95% CI = 1.00-1.08) and male (OR = 1.08, 95% CI 1.04-1.12) adults regarding premarital sex, and women' s acceptance of wife-beating (OR = 0.88, 95% CI = 0.84-0.93), as well as for women' s collective educational achievement (OR = 1.36, 95% CI = 1.29-1.44), early marriage (OR = 0.91, 95% CI = 0.88-0.95), and currently working women (OR = 1.11, 95% CI = 1.06-1.17). The odds of contraceptive use was also higher for most individual level predictors (education, unmarried women, work status, parity, and wealth status), but not for individual level attitudes ( Table 2 ).
Model B: Total demand satisfied with any contraceptive method
In fully-adjusted models in a subsample of 13 540 fecund adolescent women (aged 15-24) with any demand for family planning, a 1 SD increase of the variance in the proportion of adolescent women peers (aged 15-24 years) or adults (aged 25-49 years) with collective permissive attitudes toward premarital sex increased the odds of satisfied demand of adolescent women with any contraceptive method by 6% (peers: OR = 1.06, 95% CI = 0.99-1.13) and by 7% (adults: OR = 1.07, 95% CI = 1.01-1.13), respectively. Collective accepting attitudes towards wife-beating among women (aged 15-49 years) had negative associations with the demand satisfied with any method among adolescent women (OR = 0.89, 95% CI = 0.83-0.95) ( Table 3 ). In a subsample of adult women (aged 25-49, N=22 765), the odds of demand satisfied with any method also decreased significantly with increments in the variation of collective attitudes towards wife-beating (OR = 0.86, 95% CI = 0.81-0.90) and with increases in the variability of women achieving higher levels of education (OR = 1.24, 95% CI = 1.16-1.32), early marriage (OR = 0.95, 95% CI = 0.91-0.99), or being employed (OR = 1.10, 95% CI = 1.05-1.16) ( Table 3 and Table S1 in the Online Supplementary Document).
Country-specific results and effect modification
Replicating the previous analyses on a country-basis revealed heterogenous effects across countries in the association of contraceptive use and community-level effects of attitudes towards premarital sex among adolescent women (Mantel-Haenszel χ 2 (MH) = 85.68, P < 0.001) and adult women (MH = 8.83, P < 0.01), as well as for wife-beating accepting attitudes among adolescent (MH = 260.25, P < 0.001) and adult (MH = 309.68, P < 0.001) women ( Table 4 ). In fully adjusted models (FA1), we found positive associations of collective permissive attitudes of adolescent women peers with contraceptive use in four countries, but they were significant only in Namibia (OR = 1.29, 95% CI = 1.06-1.57) and Nigeria (OR = 1.13, 95% CI = 1.01-1.27). Significant negative associations of collective accepting attitudes towards wife-beating with contraceptive use were found in Benin (OR = 0.74, 95% CI = 0.61-0.89), Nigeria (OR = 0.80, 95% CI = 0.66-0.96), and Zambia (OR = 0.77, 95% CI = 0.65-0.90). Furthermore, significant associations were also observed in Nigeria in models examining collective women' s educational achievement (OR = 1.77, 95% CI = 1.40-2.24) and early marriage (OR = 0.86, 95% CI = 0.75-0.99), and significant associations were found for collective women' s working status only in Namibia (OR = 1.27, 95% CI = 1.05-1.54) ( Table 4) .
For adults' contraception use, the collective association of permissive attitudes of adult males towards premarital sex, accepting attitudes of wife-beating, educational achievement, early marriage, and currently working women remained significant in Benin and Nigeria ( Table 4 ).
VIEWPOINTS
RESEARCH THEME 3: GENDER NORMS AND HEALTH FA1 -fully-adjusted Model 1, FA2 -fully-adjusted Model 2, SD -standard deviation, OR -odds ratio, CI -confidence interval. * The model specifications of FA1 and FA2 are described in Figure 1 and used in Table 2 . We controlled for individual attitudes and sociodemographic characteristics: age, parity, marital status, education, work status, wealth status, place of residence, and country fixed-effects. For adolescent women, models are presented adjusting for peers' collective attitudes (FA1 model) and adults' collective attitudes (FA2 model). †Educational achievement was defined as the proportion of women aged 15-49 years who completed secondary or higher education; early marriage represents the proportion of women aged 20-24 years who were married before age 18; and employment was defined as the percentage of women aged 15-49 years in the community who were currently employed at the time of the survey.
We found similar community-level associations for adolescent peer or adult effects on the demand satisfied with any contraceptive method, although with attenuated effects ( Table 4 ). We also found evidence of heterogeneous size effects for these outcomes across countries, with significant collective effects of female accepting attitudes towards wife-beating on the total demand satisfied with any method of adolescent and adult women ( Table 4 ) in Zambia. Positive significant associations of the variation of collective women' s empowerment with the demand satisfied of adult women were found in Niger.
Assessment of community-level effects
In pooled unadjusted multilevel models (M0), we estimated that the community-level random variance (variance (V 2 ) = 1.62, 95% CI = 1. M5) . An additional 41.2% reduction of the community-level associated variance was attributed to the combined effect of educational achievement, early marriage, and work status (M6), reducing the share of the residual variation at that level even further (ICC = 13.9, 95% CI = 11.8-16.4). In a fully-adjusted model (FA1), the addition of age, parity, wealth status, and residency did not contribute any further reduction of the community-level variance (Figure 3 Panel A; and Table S2 in the Online Supplementary Document).
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GENDER NORMS AND HEALTH FA1 -fully-adjusted Model 1, FA2 -fully-adjusted Model 2, OR -odds ratio, SD -standard deviation, CI -confidence interval. *The model specifications of FA1 and FA2 are described in Figure 1 and used in Table 2 . We controlled for individual attitudes and sociodemographic characteristics: age, parity, marital status, education, work status, wealth status, place of residence, and country fixed-effects (pooled sample). For adolescent women, models are presented adjusting for peers' collective attitudes (FA1 model) and adults' collective attitudes (FA2 model). †Educational achievement was defined as the proportion of women aged 15-49 years who completed secondary or higher education; early marriage represents the proportion of women aged 20-24 years who were married before age 18; and employment was defined as the percentage of women aged 15-49 years in the community who were currently employed at the time of the survey. Table S2 in the Online Supplementary Document). In contrast, community-level effects were not meaningful in Sao Tome and Principe, with a low share in the variance attributed to community-level differences in unadjusted models of 6.1% that declined to 3.0% after the combined effect of collective permissive attitudes towards premarital sex and violence, but with no significant effects in the variance explained for collective factors (Figure 3 ) and the corresponding community-level associations ( Table S2 in the Online Supplementary Document). Similar results were found for the use of contraception among adult women aged 25-49 years ( Table S2 in the Online Supplementary Document), and for the demand satisfied with any contraceptive method (Figure 3 Panel B; and Table S3 in the Online Supplementary Document).
DISCUSSION
Despite extensive evidence on the association of gender norms and social influence on contraceptive practice and the total demand for family planning [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] 51] , comprehensive studies on a global scale are challenging due to data limitations specifically on gender norms. Using cross-sectional data from nine SSA countries, this study examined the association between collective attitudes towards premarital sex and wife-beating with women' s contraceptive uptake and demand. In the case of premarital sex, we used the item in DHS regarding whether 'young women should wait for sex until marriage', and at the community level we defined VIEWPOINTS RESEARCH THEME 3:
GENDER NORMS AND HEALTH VIEWPOINTS RESEARCH THEME 3: GENDER NORMS AND HEALTH permissive attitudes as the proportion of male or female peers (15-24 years) or adults (25-49 years) in the same community who disagreed with that statement. Meanwhile, for women' s acceptance of wife-beating, we used the item 'It is the respondent' s opinion that a husband is justified in hitting or beating his wife when she refuses to have sex with him', and collective/contextual level accepting attitudes were defined similarly but considering the opinion of all women aged 15-49 years in the community.
Five salient findings resulted from this study. First, we found high levels of unmet need among women with any demand for family planning (46% in the pooled sample), with significant variations across countries [13] -from 21% in Namibia to 76% in Mali. We found an inverse association between unmet need and the degree of contraception knowledge. Despite that correlation, however, we observed that the vast majority of the people in most countries in our sample have heard of contraception: around 85% in Mali, Niger and Nigeria, and close or equal to 100% in the remaining countries.
Second, we found significant positive associations of collective (peer/adult) permissive attitudes towards premarital sex with the use of, and demand for, contraception for both adolescent and adult women in fully-adjusted models. For adolescent women, a 1 SD increase in the variation of female or male peers with collective permissive attitudes at the community level was associated with 8 to 11% increases in the likelihood of contraceptive use and demand satisfied. Similarly, collective permissive attitudes of adult females or males were associated with increases in the odds of contraceptive use in the range of 4 to 8%. These findings of positive associations of collective influences of peers and/or adults on women' s family planning decisions are in line with previous studies that emphasised the importance of cultural factors, social influence, and contextual effects as important predictors of family planning decision-making of women in SSA [9, 16, 52] . Ours is the first study to define these relationships quantitatively using proxies for gender norms at the community level. Contraceptive use and demand were also higher among women with higher education, socioeconomic status or parity, or who were unmarried or currently working; these associations are also consistent with previous evidence [53] .
Third, collective accepting attitudes towards wife-beating were negatively associated with the use and demand for contraception in our pooled sample for both adolescent and adult women. Both young and adult women were approximately 10% less likely to use contraception or have their demand satisfied when the variation of women' s acceptance of wife-beating increased across communities. These results are in line with recent findings reporting a negative association between contraception use and women' s perceptions of domestic violence in representative countries from West and Central Africa [38] .
Fourth, an important contribution of our study is that collective attitudinal norms towards premarital sex and domestic violence jointly explained nearly 26% of the community-level attributed variation of contraceptive use. The association effects for these predictors were attenuated -but remained stable and statistically significant -in the presence of individual and community-level indicators of women' s empowerment, which explained an additional 41% of the community-level attributed variance. The association of women' s empowerment in the variation of contraceptive use was important, but only educational achievement was consistently significant at the community level, also in line with recent findings reporting mixed positive or null results in the complex association of women' s empowerment and family planning practices [54, 55] .
Fifth, we identified heterogeneous specific and general community-level associations across countries. The relative importance of variation attributed to community-level factors ranged from as low as 3.5% in Swaziland and as much as 60% in Nigeria, indicating that the community-level effects of collective permissive norms are likely more relevant in countries with large general community effects (Benin, Mali, Namibia, Niger, and Nigeria). Significant positive associations of collective permissive attitudes towards premarital sex and domestic violence with contraceptive use were found mainly in separate models for Benin and Nigeria. In both Benin and Nigeria, recent evidence suggests that social and cultural barriers to contraception remain strong, with opposition from partners or social disapproval of sexual activity and contraceptive use being some of the major barriers [20, 21, 51, 56] . Recent evidence also emphasised the importance of contraceptive awareness among adolescents, given the high prevalence of risky sexual behavior (eg, multiple sexual partners) observed in a small region in a rural town in Nigeria [57] . Attitudes towards this kind of behavior may influence family planning practices in specific contexts and requires further examination. In addition, Benin and Nigeria continue to have patriarchal or pronatalist cultures where men have a predominant role in family planning decision-making and they or the family prefer large families. This is consistent with the high percentage of women with no unmet need in our sample (32% in Benin and 34% in Nigeria) [58, 59] . The previous findings are particularly relevant for Niger, where the prevalence of no unmet need was the largest among all countries in our sample (50%). Unmet VIEWPOINTS RESEARCH THEME 3:
GENDER NORMS AND HEALTH need was large among women with any demand for contraception (58%), and we found counter-intuitive positive associations of accepting attitudes towards wife-beating of women with the use and satisfied demand for contraception for adolescent and adult women in Niger, perhaps attributable to the efforts of women to avoid childbearing in conflictual relationships, as hypothesised in previous studies [60] . Finally, in countries with low contextual attributed variation (<10%, in Congo, Sao Tome and Principe, Swaziland, and Zambia), the evidence and significance of collective attitudinal norms was less relevant in general, although Zambia appears to be an exception. Here we found negative associations of collective accepting attitudes towards wife-beating with contraceptive use and demand satisfied for contraception for adolescents and adult women in Zambia. Previously we reported that collective permissive attitudes toward premarital sex were associated with increased risk for HIV acquisition among young women [27] . Persistence of an extremely patriarchal society and high-levels of gender-based violence that limit the power of women in relationships [61] appear to be relevant to both sets of results. Further research should explore the associations between HIV risk and community-level norms governing contraceptive use and violence against women.
The positive effects of permissive attitudes in our pooled sample, and particularly for Benin and Nigeria may be interpreted in the context of social influence, reflecting the effect of women' s perceptions of the views of peers/adults living in the same cluster on their own contraceptive behavior [62] . In addition, community perceptions towards domestic violence can also be interpreted as having detrimental effects on adolescent and adult women' s autonomy to make educated and well-informed family planning decisions. Thus, women may require the approval/disapproval of a reference group (peers/adults) to modify their fertility behaviors or preferences.
Strengths and limitations
Using the TNS as an interpretive framework to explain the correlation between norms of premarital sex and violence against women with family planning practices, we hypothesise that -granted contextual differences -a norm of premarital sex has a strong influence on people' s sexual practices because the practice is a) interdependent, as the action is coordinated with other(s), even though these others (men) are not necessarily under the same normative influence; b) relatively undetectable in principle, as it involves an intimate act, but potentially highly detectable in the case of pregnancy; c) followed by strong sanctions for non-compliers, several of which are detailed in the relevant literature [63] ; and d) proximal to the norm, as the two have a direct relationship [28] . We hypothesised that when attitudes and norms are aligned -when people both personally accept premarital sex and believe others find it acceptable as well -transformative change in women' s family planning practices/preferences may result [64] , as suggested by previous evidence showing that sexual behavior has been highly regulated but prone to change [65] , although we recognize that our attitudinal norms are only an aggregation of individual attitudes and do not necessary may reflect those beliefs.
This study has a number of limitations. First, our findings relied on observational cross-sectional data that impeded the assessment of causal associations between gender norms and contraceptive practices. Second, because our sample was limited to nine countries in SSA with information on attitudes towards premarital sex for the years between 2005 and 2009, our findings neither can be generalised to the whole region nor assumed to capture the effect of changes in contraceptive practices and attitudes over time. Third, we measured the general contextual effects using the intraclass correlation, but this approximation is based on the assumption of constant individual level random variance as we used a latent model approach for its estimation. Fourth, DHS clusters may not capture social experiences of individuals within their actual communities and, although The DHS Program is committed to maintain high standards of data collection, underlying survey procedures could still affect the assessment of fertility practices and attitudes, particularly in older surveys [66] . Fifth, our measures of gender norms represent a proxy that is based on available data and may not reflect actual norms from communities or capture interpersonal differences in normative change, particularly with regard to approximating social influences of peers and adults. Personal attitudes and norms are different constructs; following work done by others [31, 32] , we approximated them as 'collective attitudinal norms' from peers/adults at the community level.
CONCLUSIONS
Fertility is declining slowly in SSA and women continue to have more children than they desire. Understanding the reasons behind low contraceptive use is imperative for fertility regulation and avoiding un-VIEWPOINTS RESEARCH THEME 3: GENDER NORMS AND HEALTH intended pregnancy. This study investigated the effects of gender norms on family planning practices in nine SSA countries. Our findings provide support of localised approaches to facilitate the dissemination of information on reproductive health in specific countries where the relative importance of community-level variation is meaningful. Our results also provide insights into the importance of addressing barriers related to normative attitudes/behaviors and defusing resistance to contraceptive use by targeting influential groups, as well as for program designs in the future, as they provide detailed information about the main sources of variation of risk factors and potential interventions that can be more relevant in specific contexts/locations. Further research is required to expand the scope of this investigation by examining the linkages between comprehensive collection of data (across time and space) on attitudes, beliefs, social norms, and behaviors with fertility preferences, and reproductive health and practices.
